Introduction

21
Seagrass ecosystems have experienced massive die-offs over the last decades due to in-22 creasing stresses including disease, invasive species, sediment and nutrient runoff, habitat 23 loss through dredging and aquaculture, rising sea levels, and global warming (Orth et al. ferences were striking, the experimental design did not make it possible to determine 72 whether the divergence was due to adaptive evolution, and if so, whether temperature 73 was the major selective force as opposed to neutral processes or gene flow (reviewed in 74 Merilä & Hendry 2014).
75
Methods to infer adaptive evolution of phenotypic differences include genotypic and phe- Here, we test the hypothesis that Z. marina shows adaptive differentiation in gene ex- Table S1 for numbers of reads before and after quality trimming). Table S1 ).
175
Mapping
176
We aligned reads of each library to the genome of Z. marina (Olsen et al. 2016) 177 with the splice-aware RNA-seq aligner STAR (sjdbOverhang 100) (Dobin et al. 2013) ,
178
guided by splice junctions from the v2.1 Z. marina genome annotation (gff3; Gen-
179
Bank Accession: LFYR00000000; see Table S1 for characteristics of each library).
180
Alignments that contained non-canonical splice junctions were filtered out. stress (time points 2 and 3), or in the recovery phase (time points 5, 7 and 9) ( Figure S1 ).
245
The first five principle components explained 76.35% of the variation in the expression Core Team, 2014), to control for the false discovery rate in multiple pairwise comparisons.
266
Expression was deemed significantly different for genes with corrected p-values below 0.05.
267
Acute heat-stress response and recovery
268
The acute heat-stress response was determined as differential gene expression between genetic drift alone ( Figure S1 ). This was done using the approach of Ovaskainen et al.
311
(2011) in the R package 'driftsel' 2. Table S6d -f.
397
Acute heat-stress response
398
The acute heat-stress response was tested as differential gene expression between controls 399 and acutely stressed samples. NU was the only population without acute stress response.
400
In contrast, the SU population responded at 734 genes ( and all acute stress libraries independent from population. In the acute heat stress re-407 sponse, 32 Molecular Functions (MFs, Table S8a , represented genes in Table S9a ) and 408 46 Biological Processes (BPs, Table S8e , represented genes in Table S9e ) were enriched 409 in the 1612 up-regulated genes (genes with log2 fold change > 0 in Table S7a ). Domi- heat-responsive genes), included 'cellular processes', 'metabolic processes', and 'binding'
412
( Table S8a ,e). Some 38 MFs (Table S8b , represented genes in Table S9b ) and 41 BPs 413 (Table S8f , represented genes in Table S9f ) were enriched in the 2395 down-regulated 414 genes (genes with log2 fold change <0 in Table S7a ). Dominant downregulated functions 422
Recovery
423
Recovery was tested as differential gene expression between controls and recovery samples.
424
The number of heat-responsive genes in the recovery phase was an order of magnitude 425 lower in the Southern samples (SU: 6, Table S7i ; SE: 10, Table S7g ) as compared with the
426
Northern samples (NU: 302, Table S7h ; NE: 205, Table S7f ). Given that the Southern 427 samples were not less heat responsive than the N samples (see above), this means that 428 the Southern samples recovered faster from heat stress.
429
In total, 123 genes responded concordantly between all four populations during the 430 recovery phase (Table S7b) . Under recovery, 12 MFs (Table S8c , represented genes in 431 Table S9c ) and 10 BPs (Table S8g , represented genes in Table S9c ) were enriched in the 432 53 up-regulated genes (genes with log2 fold change > 0 in Table S7b ), while 14 MFs (Table   433 S8d, represented genes in Table S9d ) and 4 BPs ( Table S8h , represented genes in Table   434 S9h) were enriched in the 70 down-regulated genes (genes with log2 fold change < 0 in 435 Table S7b ).
436
Adaptive differentiation in gene expression 437 We applied a phylogeographic correction to eliminate differences due to neutral processes Genes that are putatively adaptive to contrasting temperatures
463
Correction of differential gene expression for neutral phylogeographic differentiation en-464 abled us to extract only the putatively adaptive portion of transcriptomic differentation.
465
We inferred contrasting temperatures as the major selective force when the putatively 466 adaptive differences were correlated with temperature differences across two independent 467 thermal clines.
468
The global transcriptomic differentiation (shaped by neutral phylogenetic differentiation conditions. This is because an increased among-sample variability in gene expression may 
525
Our study confirmed that the same putatively adaptive differences in gene expression demonstrating that gene expression was not dependent on the North-South affiliation.
547
The lack of response to acute heat stress in the American Northern population (NU) is 548 peculiar. We know that there was a heat-stress response, since it was detected during 549 recovery conditions (Table S7h) . However, the lack of a detectable response during acute 550 stress might be an artifact as it is supported by a single library (all of the other acute-551 stress NU libraries failed, Table S1 ) that has a transcription profile differing markedly 552 from the other acute-stress libraries (library NU3W in Figure 2b ).
553
Upregulation of genes involved in metabolism and cell-wall synthesis most likely tem- (Table S9a) . stressors press towards a tipping point. 
866
• DNA raw reads, the assembled genome sequence and annotation are accessi- Table S1 (Excel): cDNA library characteristics of all 108 cDNA libraries.
904
Sample preparation failed for eight libraries (indicated in the second column). 'Heatstress' (Table S5a) , 'Metabolism' (Table S5b) , 'Oxidative-reductive' (Table S5c) ,
905
928
'Ribosomal' (Table S5d) , 'Cellwall' (Table S5e) , and 'Photosynthesis' (Table S5f) Atlantic and Mediterranean samples under control (Table S6a) , stress (Table S6b) , and 933 recovery conditions (Table S6c) ; and genes differentially expressed between Northern and
934
Southern samples under control (Table S6d) , stress (Table S6e) Table S7a , for NE samples Table S7c , for SE samples in Table S7d , and for SU sam-950 ples in Table S7e . Genes that responded to heat in the recovery phase (time points 5, 951 48 7, and 9) are represented for all samples in Table S7b, for NE samples Table S7f , for SE 952 samples in Table S7g , for NU samples in Table S7h , and for SU samples in Table S7i . and in the recovery. GO-terms that were significantly enriched in genes that were 967 upregulated under acute heat stress (Table S8a for molecular functions MF, Table S8e 968 for biological processes BP) or downregulated under acute heat stress (Table S8b for MF, 969 Table S8f for BP) and in genes that were upregulated under recovery (Table S8c for MF, 970 Table S8g for BP) or downregulated under recovery from heat stress (Table S8d for MF, processes. Genes that were significantly upregulated under acute heat stress and in-977 cluded in enriched molecular functions (Table S9a) or biological processes (Table S9e) .
971
978
Genes that were significantly downregulated under acute heat stress and included in en-979 riched molecular functions (Table S9b) or biological processes ( Table S9f ). Genes that 980 were significantly upregulated under recovery from heat stress and included in enriched 981 molecular functions (Table S9c ) or biological processes ( Table S9g ). Genes that were 982 significantly downregulated under recovery from heat stress and included in enriched 983 molecular functions (Table S9d ) or biological processes (Table S9h) 
